Few cases of isochromosomes for the short arm ofthe X have been reported and all are dicentric with variable portions of the long arms interposed between the two centromeres. This paper reports three cases ofcomplete short arm duplication of one X chromosome in unrelated female patients. All patients also have a 45,X cell line and present with some characteristic features of Turner syndrome. We used conventional cytogenetics, in situ hybridisation, and molecular genetics to describe all three structurally abnormal chromosomes and the parental origin of two of them. We briefly discuss the "inactivation enhancement" theory; however, any genotype-phenotype correlation is complicated by the presence of the 45,X cell line.
Although isochromosomes for the long arm of the X chromosome are the most common structural abnormality of the X in Turner syndrome patients,' 2 isochromosomes for the short arm of the X are rare. Indeed monocentric constitutional i(Xp)s with no long arm material appear not to exist, presumably because of the lack of the XIST locus and their consequent At the time of clinical examination the patient was 9 years old; her mother and father were 29 and 50 years old respectively when she was born.
Physicalfindings
Her height was 120.9 cm (<3rd centile but 75th-90th centile for Turner syndrome). She had received growth hormone since the age of 6 years. Her weight was 22.5 kg (5th centile).
She had a triangular face with severe bilateral ptosis and wide set eyes (inner canthal distance 35 mm, 97th centile), hypermetropia, low posterior hairline, and low set, posteriorly rotated ears. She had one hairy pigmented naevus. She also had bilateral clinodactyly and broad thumbs but normal metacarpal lengths. Other clinical features included oesophageal reflux, constipation, and eczema.
Psychologicalfindings She was tested on the Wechsler Intelligence Scale for children when she was 6 years 11 months old. Her outcome was: verbal IQ=80, performance IQ=82, and full IQ=79.
The following information was obtained from interviewing her parents. At school she has special educational needs. She has violent temper tantrums and runs away from her parents. Owing to her oppositional behaviour she has been seeing a child psychiatrist. She is a very disinhibited child, with little sense of danger and an impulsive pattern of behaviour. She is over friendly with strangers and has little regard for her own safety. Her parents are attempting to obtain a statutory assessment for her. She lacks the appropriate use of social smiling, but has some use of other facial expressions. She dislikes change within an established environment, for example, a chair moved from its usual place.
CASE 2
The second patient was 16 years old at the time of clinical examination; her mother and her father were 21 and 26 years old respectively when she was born.
Physicalfindings
Her height was 150.5 cm (3rd centile but 90th-95th centile for Turner syndrome). She had started growth hormone treatment at the age of 13. Her weight was 63.5 kg and her body mass index was 42.2 (non-obese is <27.7). She had a broad face with hypertelorism (75th-97th centile), a right sided unilateral epicanthic fold, wide set eyes, high arched palate, and low posterior hairline. She had an excess of pigmented naevi. She had oedema of the fingers and toes which appeared at the age of 8 years and was not present at birth. All digits were long with ulnar deviation of the distal phalanx of the middle fingers. Her chest was broad with widely spaced, pale nipples. She had one small ovary shown on pelvic ultrasonography. Menarche occurred at the age of 15 pturned with which maps to the XIST locus on proximal Xq, She had mild were used on the three patients. On the abnorad chest; her mal chromosome from case 1, two signals were ,air were both seen for probe DXZ2 but only one strong sigortic stenosis, nal for the XIST probe, indicating the presence :tation of the of only one XIST locus or alternatively of two and she also XIST loci very close together (fig 2A) . However, two clear signals were seen for both probe DXZ2 and the XIST probe ( fig 2B, F Xq22.3, and Xq24 respectively, have been was obtained applied to cases 2 and 3 to confirm convene has received tional cytogenetic breakpoints (fig 2C, D, E , lool work and G).
at her school. ties and has MOLECULAR ANALYSIS , her language DNA was extracted by a salt precipitation Lble every day technique"9 from peripheral blood from I smiling and probands 1 and 2 and from buccal cells from always appro-their parents. The parental origin of the normal !stures. She is X chromosome was determined by PCR ampli-; and she likes fication of polymorphic microsatellite repeat agenda for sequences using standard PCR conditions.20 resistance to For primers KAL and DXS451 one primer of !n to interact each set was radioactively end labelled, the normal social products separated on a 6% polyacrylamide gel, and the results visualised by autoradiography. For primers DXS548, FRAXACI, FRAXAC2, and DXS 1691 one primer of each set was fluorescently labelled and the result analysed using an ABI 373 automated DNA sequencer. Details of the primer sets used are available on the GDB.
Since the normal X chromosome is present in 100% of cells and the structurally abnormal X in a proportion of cells (25% in case 1, 27% in case 2), it should be possible to determine the parental origin of the normal X chromosome using primers located on Xp. The allele represented on the normal X chromosome should be detectable at twice the level of that on the structurally abnormal X chromosome. In case 1, the increased dosage of one allele at locus DXS45 1 allowed the assignment of parental origin of the normal X. However, in case 2 the difference in dosage between the two alleles detected at the two loci, KAL and DXS45 1, was not convincing and further loci, DXS548, FRAXAC1, FRAXAC2, and DXS1691, located at Xq27-q28 were tested. These loci are not present on the structurally abnormal X and the allele detected in the proband represents the normal X chromosome. In both cases the normal X was of maternal origin.
Discussion
In our three patients, as in most of the published cases, the dicentric chromosomes on the short arm of the X chromosome are pseudodicentric, with only one active centromere ( The data in table 1 seem to suggest a degree of correlation between short stature and position of Xq breakpoints, with people with more distal breakpoints being quite tall. Geerkens et al2" in analysing Xq deletions observed the same trend.
Some authors2""30 support the idea that the deletion of a portion of the long arm of the X chromosome can cause alteration of chromatin structure and induce spreading of the inactivation process to those genes on the inactive chromosome which are usually active. It has been postulated that the level of "inactivation enhancement" is correlated with the size of the deletion, with larger deletions being more effective in determining the degree of inactivation which might reach the pseudoautosomal region. Geerkens et al" further hypothesised that this additional inactivation along the X chromosome is not obligatory but can vary among patients with the same variable pattern of the spreading of X inactivation as seen in X;autosome translocations. 2 Jacobs P, Dalton P, James R, et al. Turner syndrome: a
